The pulse drive for the accelerator is based on state-of-the-art magnetic pulse compressors with very high peak power capability, repetition rates exceeding a kilohertz and excellent reliability.
Introduction
We are anticipating future needs beyond the capabilities of the spark-gap switches we Figure 2a shows the permeability changes in a representative saturable magnetic material, and Fig. 2b illustrates the standard technique for capitalizing on this behavior. First, a repetitive power source (using existing technology) generates the initial pulse. As this pulse propagates through the network, it goes through several states of compression until it achieves the desired output shape.
By using multiple stages as shown, it is possible to achieve a much larger effective change in impedance than can be obtained from a single stage. In fact, the effective change in impedance is limited only by the physical layout and materials properties. Figure 2c illustrates the results of the compression process.
The operation of this circuit can be described as follows. Capacitor C1 charges through inductance To make this process efficient, we design each of these successive stages so that saturation occurs at the peak of the voltage waveform. Segment 1 to 2 in the hysteresis loop of Fig. 2a Figure 5 shows the physical layout and the two voltage waveforms.
The High Brightness Test Stand (HBTS)
The desire to construct a test stand for electron gun design provided an excellent opportunity to deploy this technology. While magnetic modulators had been deployed experimentally in isolated parts of both the Experimental Test Accelerator (ETA) and the Advanced Test Accelerator (ATA), this was the first case where they were solely responsible for the accelerator drive. A simplified schematic of the HBTS is provided by Fig. 7. The two MAG I's each supply the 500 kV accelerating potential to two of the four accelerator cells.
While the total accelerator potential has been run as high as 2 MeV, most of the experimental work to date has been performed between 1 and 1.5 MeV. Adding coupling transformers at both the input and the output of the magnetic pulse compressor improves the system's versatility by permitting it to achieve the desired output pulse while allowing the compression stages and the input switching device to operate at their most efficient values of voltage and current.
At this point in the evolution of the pulseshaping hardware, we can design the transformer turns and the interstage capacitors as integral parts of the system. The resulting magnetic compressor is simple and extremely reliable, and it satisfies all the required performance specifications.
A cross-sectional view of the accelerator cell connection is provided by Fig. 5 . Here the ferrite shock line sharpeners and the CuSO4 compensation loads can also be seen.
The accelerator as shown in Fig. 8 is configured as a pentode electron gun employing a graphite field emission cathode.
While the experiments with this configuration were initially quite successfull, none of various field emission cathodes tried were capable of meeting the high average power requirements. During operation above 50 Hz cw the cathodes soon showed signs of non-uniform emission and after several minutes ceased to emit at all. Upon returning to lower repetition rates the cathodes would recover to their original performance.
It is the belief of the authors that the operation of field emission cathodes is strongly dependent on the presence of condensed gas at the surface. Application of a high electric field stress is accompanied by the evaporation and subsequent ionization of this material thereby creating a plasma from whose sheath electrons can be extracted. to use only half as many units. 
